Background: Most common incidentally detected sellar-suprasellar region (SSR) masses are pituitary adenomas, followed by craniopharyngioma, rathke's cleft cyst, hypophysitis, and meningioma. Besides these, certain unusual SSR lesions can sometimes present as diagnostic challenges, where diagnosis is often made post-operatively on histopathology, the pre-operative suspicion of which might have influenced the management strategies. Series describing such masses are few. Objective: To present clinical, biochemical, and radiological characteristics and management outcomes of rare SSR lesions other than pituitary adenomas, craniopharyngioma, rathke's cleft cyst, hypophysitis, and meningioma. Design, setting, patients: Retrospective case record analysis of patients with uncommon SSR masses (from January 2006 to December 2016). Results: Our series consisted of ten patients, five with neoplastic and five with nonneoplastic lesions. Neoplastic masses included granular cell tumor (n = 2), astrocytoma (n = 1), malignant peripheral nerve sheath tumor (MPNST, n = 1), and metastasis from occult papillary carcinoma of thyroid (n = 1), while non-neoplastic masses were aspergillus abscess (n = 1), sterile abscess (n = 1), and tubercular abscess (n = 1), aneurysm of left internal carotid artery (n = 1), and ruptured dermoid cyst (n = 1). All patients (except one) presented with headache and/or visual disturbance. Only one patient had acromegaly while most others had hypopituitarism. We describe detailed MRI characteristics of each of the lesion. Seven patients underwent trans-sphenoidal surgery. Post-operatively, five patients had permanent diabetes insipidus, while two patients died in early post-operative period. Conclusion: Our series expand the differential diagnostic considerations of SSR lesions. Most of the rare SSR masses present with symptoms of mass effects and hypopituitarism. Except for some non-neoplastic lesions like sellar abscesses, aneurysms, and dermoid cysts which can have some specific imaging characteristics that can provide clue to preoperative diagnosis, most of the other neoplastic masses have overlapping radiological features, and pre-operative suspicion remains difficult.
Introduction
Neuro-radiological detection of masses in the sellarsuprasellar region (SSR) is a common cause of referral in endocrine practice. While some of them are 'sought' on neuro-imaging done for clinical presentation of specific hormone excess syndromes, most others are 'incidentally' detected on neuro-imaging done for symptoms of mass effect. Since SSR harbors tissues of diverse cytogenetic origin, a remarkable variety of both pituitary and non-pituitary masses of neoplastic as well as non-neoplastic etiologies can be found in this region (1) . Pituitary adenomas are the commonest SSR tumors accounting for 85% of sellar masses (2) . Amidst the non-adenoma masses, other common sellar lesions include craniopharyngioma (CR, 12-16%), rathke's cleft cyst (RCC, 28-33%), lymphocytic hypophysitis (LyH, 5%), and meningioma (3-8%) (3, 4) . These lesions often have characteristic radiological appearance suggesting pre-operative diagnosis. However, besides these common lesions, certain 'rare SSR lesions' are sometimes encountered, whose diagnosis may be missed pre-operatively (5, 6) . Herein we present clinical, biochemical, and radiological characteristics as well as management outcomes of rare SSR lesions other than pituitary adenomas, CR, RCC, LyH, and meningioma. With this report, we attempt to expand the spectrum of different SSR masses other than the commonly known lesions.
Methods
Retrospective case record analysis was undertaken for patients with uncommon SSR masses, managed at our centre in last decade, during a period between January 2006 and December 2016. For this retrospective study, ethics committee approval and waiver of informed consent was obtained from Institutional Ethics Committee II, Seth G S Medical College and KEM Hospital, Mumbai. Out of 1138 SSR lesions identified, pituitary adenomas (n = 928, 81.6%), CR (n = 105, 9.2%), LyH (n = 53, 4.7%), RCC (n = 33, 2.9%), and meningioma (n = 9, 0.8%) constituted majority of the lesions while ten other 'rare SSR lesions' were identified. The following data, at baseline and on serial follow-up, was recorded for these ten patients-clinical features, hormonal investigations, imaging (MRI) details, the management modalities, and outcomes. The methodological details about imaging technique, hormonal evaluation, and definition of hypopituitarism have been described previously (7) .
Results
Our series consisted of ten patients, five females and five males. Mean age of patients was 42 (range years. Five patients had neoplastic masses while five had non-neoplastic lesions. The etiological diagnosis of neoplastic masses were granular cell tumor (n = 2), astrocytoma (n = 1), malignant peripheral nerve sheath tumor (MPNST, n = 1), and metastasis from occult papillary carcinoma of thyroid (n = 1). The nonneoplastic masses consisted of aspergillus abscess (n = 1), sterile abscess (n = 1), and tubercular abscess (n = 1), aneurysm of left internal carotid artery (n = 1), and ruptured dermoid cyst (n = 1). The diagnosis was ascertained on the basis of histopathology in seven patients. In the remaining three patients, who did not undergo surgery, diagnosis was ascertained as follows: 1) case 3, patient with tubercular abscess was diagnosed based on characteristic findings on cerebrospinal fluid analysis (lymphocytic pleocytosis with high adenosine deaminase levels) and therapeutic response to antitubercular antibiotics; 2) case 5, patient with aneurysm of internal carotid artery was diagnosed on the basis of findings on digital subtraction angiography; and 3) case 4, patient with ruptured dermoid cyst was diagnosed on the basis of characteristic radiological findings of periventricular fat globules.
The clinical, biochemical, and radiological features are summarized in Figs 1, 2, 3, 4 and Table 1 .
All patients (except case 6) presented with headache and/or visual disturbance of varying duration, ranging from being acute in onset to 18 months. Patient 6 with granular cell tumor had indolent presentation with short stature and pubertal arrest. Another patient with granular cell tumor (case 7) had additional symptoms of secondary amenorrhea and unappreciated acromegaloid features. Fever was the associated symptom in two of three patients with abscesses. Hypopituitarism was seen in all except one patient (case 4). Cortisol and gonadotropin axes were the commonest axes involved followed by thyroid axis. Three patients had elevated prolactin levels. Seven patients underwent transsphenoidal surgery (TSS). Post-operatively, five patients had permanent central diabetes insipidus (DI) while two patients (case 7 with granular cell tumor and case 9 with MPNST) died in early post-operative period.
The detailed clinical course of individual patients is discussed below and summarized in Table 1 .
Discussion
Apart from pituitary adenomas and other common lesions, certain SSR lesions with uncommon etiologies can sometimes present as un-expected diagnoses, often made on post-operative histopathological examination. We present a series of ten patients with such rare SSR lesions. With ten such lesions out of 1138 SSR lesions managed at our centre in last decade, the prevalence of such lesions is 0.1 % in our series, signifying the rarity of these lesions. There are only two similar series previously described in literature, both reporting spectrum of etiologies remarkably different from that found in our centre (5, 6) . In a German neurosurgical series, Petrakakis et al. described 20 patients with rare SSR lesions of eight different etiologies (5) . While xanthogranulomas (n = 6) were the commonest tumors in their series, other etiologies included metastases, colloid/ epidermal cysts, pilocytic astrocytomas, gangliocytoma, lymphocytic hypophysitis, and concomitant germ cell tumor/rhabdomyosarcoma. Recently, Abushamat et al. described nine patients with such 'very unusual' lesions from their extensive experience of treating 7000 patients with SSR tumors (6) . Their series consisted of three patients with diffuse large B cell lymphoma and one patient each with sellar neurosarcoid, MPNST, fibrosarcoma, and granulomatosis with polyangiitis and two patients with pituitary adenomas having foci of chronic lymphocytic lymphoma and ectopic nerve fascicles. Such series are important since they expand the differential diagnostic considerations of SSR lesions, the pre-operative suspicion of which might bear influence on further surgical management and follow-up strategies. We discuss each of the diagnosis seen in our series in details.
Non-neoplastic lesions

Pituitary abscesses (cases 1, 2, and 3)
With three patients, pituitary abscesses were the most frequent lesions seen in our series. Two patients, those with sterile and tubercular abscesses, had primary abscesses while patient with aspergillus abscess had secondary abscess, occurring in setting of previous surgery for craniopharyngioma. Headache and hypopituitarism were present in all patients. Two patients had fever, while patient with aspergillus abscess did not have fever. Patient with tubercular abscess also had history of significant weight loss. Recently, Gao et al. reported the largest series of 66 patients with pituitary abscesses (8) . Our patients' symptomatology was similar to that described in their series.
Hypopituitarism (81.8%) followed by headache (69.7%) were the most common features at presentation in their series, while systemic symptoms of fever and leukocytosis were uncommon (43.9%). In our series, all patients had characteristic MRI features of T1 iso-hypointense signals, T2 hyperintense signals, and central necrotic areas with peripheral rim contrast enhancement ( Fig. 1 ). Though characteristic, such typical radiological features were seen in 65% of patients in the series reported by Gao et al. (8) . 
Figure 3
Features of granular cell tumors (cases 6 and 7) on MRI imaging. Case 6: A1, coronal T1WI showinghomogenously isointense rounded sellarsuprasellarmass; A2, coronal T2WI showingmass to be heterogeneously isointense; A3, coronal T1WI post contrast image shows hyperenhancing mass. Note that the pituitary is not seen separately from the mass. Case 7: B1, coronal T1WI, irregularly shaped isointense sellar-suprasellar mass; B2, coronal T1WI post contrast image; B3, sagital T1WI post contrast image. Both show hypoenhancing mass as compared to normal pituitary, which is clearly seen separate from the mass.
Rest of the patients exhibited heterogenous intensities on T1W, T2W, and contrast enhanced scans. Apart from these, two additional MRI features are considered to be specific for cerebral aspergillosis: 1) 'target ADC lesions' on diffusion weighted images (DWI); and 2) central intermediate signal corresponding to coagulative fungal necrosis, surrounded by hyperintense signal corresponding to vasogenic edema, on T2WI (9). Our patient with aspergillus abscess (case 3) had the target ADC lesion on DWI ( Fig. 1C4 ) and an area of hypointensity partially surrounded by hyperintensity on T2WI ( Fig. 1C2) .
Although pituitary abscesses, if diagnosed correctly, can be treated medically alone, trans-sphenoidal surgery is still necessary as it provides definitive diagnosis and allows for pus drainage thus relieving symptoms. Two of our patients (cases 1 and 3) underwent TSS, which relieved the symptoms of headache. Case 1 had drainage of frank pus on TSS, which was negative on microbiological cultures signifying the diagnosis of sterile abscess. Case 3 had characteristic histopathological evidence of aspergillus infection (Fig. 5A ). Follow-up MRI showed no residual or recurrence of lesions. Based on signs of meningeal inflammation and characteristic cerebrospinal fluid analysis, patient with tubercular abscess (case 2) was managed conservatively with anti-tubercular drugs, to which he showed complete clinical response. However, all three of our patients did not have recovery of pituitary function and are on pituitary hormone replacements, which is consistent with reports of poor recovery of pituitary functions in patients with pituitary abscesses (8) . Summarizing, presence of fever, headache, hypopituitarism, and characteristic cystic lesion on MRI might help suspect pituitary abscess pre-operatively.
Ruptured dermoid cyst
Dermoid cysts are congenital non-neoplastic ectodermal inclusion cysts lined by stratified squamous epithelium. Unlike epidermoid cysts, presence of dermal appendages like sweat and sebaceous glands as well as exodermal structures like hair in the lining epithelium are the characteristic feature of dermoid cysts (10) . Lipid-rich secretions from these glands result in the characteristic T1W hyperintense signals typically described for dermoid cyst. Intracranial dermoid cysts are often midline structures, the commonest location being suprasellar cistern followed by posterior fossa. Due to slow-growing nature of these cysts, patients are either asymptomatic or present with features of mass effect. Rupture of a dermoid cyst is a rare but well-described phenomenon.
In an extensive review, El-Bahy et al. described a series of 51 patients with ruptured intracranial dermoid cysts comprising two patients from their centre and 49 from world literature (11) . They reported headache to be the commonest symptom (32.6%), followed by seizures (26.5%), cerebral ischaemia (16.3%), and aseptic meningitis (8.2%). Our patient (case 4) presented with progressive clinical features of hydrocephalus (headache, cognitive impairment, and urinary incontinence) with recent worsening before presentation. MRI scan confirmed the presence of hydrocephalus along with a large lobulated SSR lesion extending posteriorly to interpeduncular and pre-pontine cistern. The mass was hyperintense on T1WI, iso to hypointense on T2WI, and heterogeneously hyperintense on FLAIR with no restriction on DWI (Fig. 2A1, A2 , A3 and A4). These are the typical features described for a dermoid cyst (12) . Additionally, our patient had multiple small T1W hyperintensities along subarachanoid spaces and in the left lateral ventricle ( Fig. 2A1 and A3 ). This feature is considered pathognomonic of rupture of dermoid cyst (12) . In case of a ruptured dermoid cyst, treatment of choice remains a surgical exploration and removal of cyst as much as is possible safely, as recurrence or malignant transformation is very uncommon (11) . Unfortunately, our patient declined surgery and did not pursue further treatment. Hence the final histopathology proof could not be obtained, but the MRI features were quite specific to ascribe the diagnosis of ruptured dermoid cyst.
Sellar aneurysm
Sellar aneurysms are rare, accounting for 1-2% of all intracranial aneurysms (13) . Our patient (case 5) presented with features suggestive of pituitary apoplexy with sudden onset headache, visual deficits, hypocortisolism, and a sellar mass. He was referred to us from another institution after an attempted TSS for a presumed pituitary macroadenoma with apoplexy (details of which could not be ascertained). Careful review of baseline MRI images revealed certain features which were inconsistent with diagnosis of pituitary tumor with apoplexy. The lesion was isointense on T1WI ( Fig. 2B1 ) and had areas of hypointensity on T2WI on left superior aspect (flow voids) and inferior aspect (haemorrhage) (Fig. 2B2 ). On post contrast imaging, the left superior areas corresponding to flow voids showed intense enhancement while the major part of the mass was not taking up contrast at all (Fig. 2B3 ), which was a feature unlike that of macroadenoma. Hence a possibility of thrombosed aneurysm was raised and a subsequent digital subtraction angiography confirmed the diagnosis of left supra-clinoid internal carotid artery aneurysm, extending in the sella and displacing optic chiasma. Most part of the aneurysm was occupied by thrombus ( Fig. 2B4 ) and a small patent part which was visible on angiogram. Our case re-iterates several facts about sellar aneurysms reported in literature. In a comprehensive literature review of 40 cases of intrasellar aneurysms, Hanak et al. reported that unruptured aneurysms commonly present with headache (61%), visual deficits (61%), endocrinopathy (57%), symptomatic hyponatremia (21%), and cranial nerve paresis other than optic nerve (18%) (13) . Presentation mimicking pituitary apoplexy, like that in our patient has also been described previously (14) . Radiologically, presence of flow voids and onion skin appearance on MRI are considered characteristic for an aneurysm (15) . Teng et al. have reported high sensitivity of these features in diagnosis of giant intracranial aneurysms (15) . They found sensitivity of 88% for flow voids on T1WI and T2WI, while onion skin appearance was noted in 80% of their partially thrombosed aneurysms. Additionally, they found non-enhancement of the thrombus, which was seen in all patients, and intense enhancement of the patent part (specificity 100%) to be important clues to the diagnosis. Both these features were seen in our patient. Our case highlights the need to consider this differential for a sellar mass as thrombosed aneurysms can be easily mistaken for adenomas, and inadvertent surgery can lead to serious and potentially fatal bleeding complications. Our patient denied any further intervention and so is on conservative management with hormone replacement therapy. 
Neoplastic lesions
Granular cell tumor
Two patients (cases 6 and 7) in our series have granular cell tumors (GCTs). According to 2017 World Health organisation classification, GCTs are one of the primary posterior pituitary tumors' (PPTs) with proposed origin from pituicytes, the specialised glial cell of neurohypophysis (16) . Although small tumorlets are commonly found in autopsy studies, significant enlargement of GCTs to cause symptomatic presentation is rare (17) . These patients generally present in fourth to fifth decades with symptoms of mass effect (18) . However, one of our patients (case 6) presented early in adolescence period. He had no symptoms of headache or visual disturbance, but presented with features of hypogonadism and gynecomastia. On biochemical evaluation he had pan-hypopituitarism with mild hyperprolactinemia. Another patient (case 7) had headache, amenorrhoea, and clinical features of acromegaly. On hormonal evaluation, she had high IGF1 levels and mild hyperprolactinemia ( Table 1 ). In a recent extensive review including 69 patients with GCTs, Guerrero-Pérez et al. found that hypopituitarism was the most common endocrine manifestation (45%), but gynecomastia, as seen in our patient (case 6), and DI were rare presentations (18) . Both the patients in our cohort did not have DI pre-operatively. Interestingly, hormonal hypersecretion syndrome (as in case 7) is a known but very rare feature of GCTs. In the series by Guerrero-Pérez et al., three patients with GCTs had hypercortisolism, while two had features of acromegaly (18) . A co-existing adenoma or secretion of yet un-identified trophic factors by GCTs are the proposed underlying mechanisms for hormonal hypersecretion. GCTs are rarely suspected on pre-operative radiological imaging, as was the case in our patients where diagnosis was established on post-operative histopathology (Fig. 5B1, B2 and C). Covington et al. described that GCTs present either as sellar-suprasellar mass, as in our case 6, (Fig. 3A) or predominantly suprasellar mass with separately seen pituitary, as in our case 7 (Fig. 3B) (19) . On MR imaging, they tend to be isointense on both T1WI and T2WI with variable contrast enhancement, features overlapping with that of pituitary adenoma. Non-consideration of the diagnosis pre-operatively does have post-surgical implications as these tumors are often vascular (19) . Peri-operative complications are known to be common in GCTs. Both patients in our series developed permanent DI post-operatively, while patient 7 expired in early post-operative period probably due to massive bleed. In their largest series, Guerrero-Pérez et al. described post-operative DI in one-third of patients, while critical peri-operative bleeding was seen in 20% of patients with one reported death (18) . The role of radiation therapy and any other adjuvant therapies in these tumors is not well established. Patient 6 had a small residual lesion post-surgery, but because of the slow growing nature of these tumors and low Mib1 labelling index on histopathology, he is being observed over time while on hormone replacement.
Pilocytic astrocytoma
Pilocytic astrocytomas are WHO grade 1 gliomas predominantly seen in children. In the largest series of 27 patients, Deng et al. reported sellar gliomas to be rare, constituting less than 2% of all CNS gliomas at their centre, 14.8% of them being pilocytic astrocytoma (20) . They found that the commonest presentation was in the first two decades of life, mainly with symptoms of mass effect and endocrine dysfunction. In fact, presentation after 60 years of age was seen in 3.7% cases only. Our patient (case 8) was unusual and he presented in the seventh decade with apoplexy of the tumor with sudden severe headache during an air travel and consequent hypopituitarism. Another atypical feature seen in our patient was that the tumor was almost entirely intrasellar ( Fig. 4A3 ). With origin from sub-pial astrocytes, astrocyotmas are generally seen on the surface, and cerebellum is the most common location described (21) . In SSR, the chiasmatical-hypothalamic origin is common, so that the tumors largely have supra sellar origin with extension into the sella. Purely intra-sellar astrocytomas are extremely rare. Based on experience at their centre and extensive literature search, Parish et al. could compile a series of only four primarily intra-sellar pilocytic astrocytomas (22) . Our patient had a solid homogeneous tumor on MRI which was hyperintense on T1 and isointense on T2 weighted images because of an underlying acute haemorrhage. Contrast enhancement was not visible due to very high baseline intensities (Fig. 4A1, A2 and A3 ). These tumors are described to be solid, cystic, or both (20) . They do not have specific radiological features and are often misdiagnosed as craniophayngiomas (especially in children) (20) or might mimic pituitary macroadenoma in adults (22) . With uncertain pre-operative diagnosis, our patient underwent TSS and diagnosis was made on histopathology. Transsphenoidal surgery seems to be a reasonable approach. However, due to invasive growth patterns, complete resection can be difficult. Deng et al. reported complete resection to be possible only in 42% of patients in their series of sellar gliomas (20) . Post-operative DI, as seen in our patient, was the most common complication seen in their series, while mean duration of disease free survival was 28 months on long-term follow-up. At 10 months of follow-up, our patient remains on hormone replacement therapy with no tumor residue.
MPNST
MPNSTs are rare soft tissue sarcomas arising from or differentiating towards the cells of the peripheral nerve sheath. They are proposed to arise de novo in sporadic cases or in pre-existing neurofibroma/schwannoma in neurofibromatosis syndromes or after radiation exposure (23) . Our patient (case 9) had a sporadic presentation with no personal or family history of features of NF1 syndrome nor a history of radiation exposure. In a recent extensive series of 280 patients with MPNSTs, Miao et al. described sporadic presentation (65%) to be more common than NF1 associated (27.5%) or radiation induced (7.5%) MPNSTs (23) . While extremities and torso are common sites of origin, intracranial MPNSTs are uncommon. Furthermore, reports of sellar MPNSTs, as is the case of our patient, are far from few. To date, less than five cases of sellar MPNSTs are reported (6, 24, 25) . Our patient presented with headache and bitemporal hemianopia. MRI showed a SSR mass which was isointense on T1WI, hyperintense on T2WI, with remarkably intense contrast enhancement (Fig. 4B1,  B2 (26) . Thus, in a sporadic setting, missing the pre-operative diagnosis of MPNST is common; however, most of the tumors in their series showed either moderate or marked contrast enhancement, as was seen in our case. Hence, the presence of intense contrast enhancement, though not specific, should raise the consideration of MPNST as one of the differential diagnosis for sellar mass. Our patient underwent surgery and diagnosis was made on characteristic histopathological findings ( Fig. 6A1  and A2 ). He succumbed in early post-operative period, probably due to bleeding complication. The MPNSTs are known to be aggressive tumors with poor prognosis. The prognosis is poorer for NF1 and radiation-associated tumors than sporadic ones (23) . Complete resection and use of post-operative radiation therapy seem to be important prognostic determinants.
Sellar metastasis
Our patient (case 10) presented with headache and bitemporal hemianopia. MRI revealed a sellar-suprasellar mass with homogenous contrast enhancement (Fig. 4C ). She underwent trans-sphenoidal resection of the mass at another centre, though complete resection was not possible due its hard consistency and adherence to adjacent structures. Histopathology revealed metastasis from papillary thyroid carcinoma ( Fig. 6B1 and B2) . The subsequent work-up revealed an occult tumor in the thyroid with pulmonary metastasis. She was later referred to our department for management of hypocortisolism and hypothyroidism. She never had clinical evidence of DI. Thyroid surgery, radiotherapy to pituitary metastases, and radioactive iodine therapy for pulmonary metastases were planned. However, she succumbed to rapidly progressive intracranial metastasis within 3 months. Accounting for less than 5% of all intracranial metastases, pituitary constitutes a rare site for metastasis (27) . Recently, Javanbakht et al. reviewed the largest series of 300 patients with pituitary metastasis constituting 11 patients from their centre and 289 patients from world literature (28) . Breast cancer followed by lung cancer were the commonest sites of primary tumor in their series, while thyroid malignancies were third commonest source accounting for approximately 10% of cases. Posterior pituitary was more commonly involved than anterior pituitary, which was involved only in 27-40% of cases. First presentation of thyroid malignancy with visual symptoms from SSR metastasis, as in our patient, is a rare but well described feature. In a review of 22 cases of pituitary metastasis from thyroid cancer, Barbaro et al. reported pituitary metastasis to be the first presentation in nine patients (9/22, 40%) (29) . Another peculiar feature in our patient was the absence of DI. In fact, DI is the most common symptom (45%) when pituitary metastases from all cancers are considered (27) . However, it is an uncommon finding in patients with metastases from thyroid cancers and was seen in only two patients (2/22, 9%) in Barbaro et al.'s series (29) . The neuro-radiological features are not specific to differentiate SSR metastasis from other lesions, and diagnosis is often made on the basis of histopathology, as was the case in our patient. Neurosurgical intervention is rarely curative due to the adherent and invasive nature of metastases. The adjuvant modalities (after thyroid surgery) include radiation therapy or radioactive iodine therapy. However, the prognosis remains poor especially for larger metastases.
Conclusion
Most of the rare SSR masses commonly present with symptoms of mass effects and hypopituitarism. Radiological differentiation of these lesions from other common SSR lesions like adenomas and craniopharyngiomas is often challenging. Although non-neoplastic lesions like sellar abscesses, aneurysms, and dermoid cysts can have some specific imaging characteristics, for most of the neoplastic masses, pre-operative suspicion is difficult. Peri-operative complications tend to be more common. An increased sensitivity for such rare masses is important as it can have significant implications on further surgical and other management strategies.
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